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SEMICONDUCTOR RANGE-FINDING
ELEMENT AND SOLID-STATE IMAGING
DEVICE

FIELD OF THE INVENTION

The present invention relates to a semiconductor range-
finding element and a solid-state imaging device 1n which a
plurality of semiconductor range-finding eclements are
arrayed.

DESCRIPTION OF THE RELATED ART

As reported by R. Mlyagawa et al., “CCD-Based Range-
Finding Sensor”, IEEE Transaction on FElectron Devices,
October 1997, Vol. 44, No 10, p. 1648-1652, w1thap10neer-
ing report of one- dlmenswnal CCD range-finding sensor,
which has been firstly reported 1n 1997, the development of
time-oi-tlight (TOF) type range-finding sensors using time-
of-flight of light and obtaiming range images are advancing 1n
many fields.

However, the resolution of the currently-available TOF
range-finding sensor remains within about 20,000 pixels.
Also, inthe case ol using the CCD, as the number of the pixels
1s 1ncreased, 1t becomes difficult to drive the pixels. In the
hybrid method of combining CMOS manufacturing process
and CCD manufacturing process, its manufacturing cost
becomes expensive.

On the other hand, as described in Japanese Laid Open
Patent Application (JP 2004-294420A), the entire contents of
which are incorporated by reference 1n this specification, one
of the mventors has already proposed the method that i1s
elfective for a higher sensitivity and based on a CMOS tech-
nique for carrying out a charge transfer at a high speed.

Japanese Laid Open Patent Application (JP 2002-
368205A) proposes a TOF range-finding sensor, encompass-
ing a p-type impurity region formed on an n-type substrate,
having an impurity concentration of about 2x10"> cm™ serv-
ing as a photoelectric converting region and a couple ol p-type
impurity regions formed on the n-type substrate, having an
impurity concentration between about 2x10'° cm™ and
2x10"" cm™, sandwiching the photoelectric converting
region. The TOF range-finding sensor 1s designed such that,
by adjusting the impurity concentration of the photoelectric
converting region, a photoelectric conversion depth 1s arbi-
trarily set to achieve a high sensibility. An object of the TOF
range-finding sensor described 1n JP 2002-368205A lies in
the mechanism that the photoelectric converting region 1s
tormed on the n-type substrate, and the electrons generated 1n
the deep region 1n the photoelectric converting region are
absorbed by a substrate electrode, and “a charge-crosstalk™ 1s
reduced. Moreover, the TOF range-finding sensor described
in JP 2002-368205A proposes the structure 1n which a couple
ol n-type impurity regions are formed near each center of two
divided transier switching means, an impurity concentration
of each of the n-type mmpurity regions 1s selected to be
between about 2x10" cm™ and 5x10'7 ¢cm™ so that the
n-type impurity regions can be depleted perfectly at an opera-
tional voltage. Thereby generating electric fields caused by
built-in potentials 1 the n-type impurity regions, near the
center of the transier switching means, where the effect of a
iringing electric field 1s smallest, so that the transier velocity
can be made high, thereby reducing the charge-transier
crosstalk.

However, the earlier TOF range-finding sensor has a per-
formance that should be improved 1n view of a distance reso-
lution and a space resolution. Thus, the TOF range-finding
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sensor, which can be manufactured at lower cost, having a
high distance resolution and a high space resolution 1s
desired.

SUMMARY OF THE INVENTION

It 1s an object of the present mvention to provide a semi-
conductor range-finding element 1n which a high speed
charge transier can be executed, and a solid-state 1maging
device implemented by the semiconductor range-finding ele-
ments, which can be manufactured at lower cost, having a
high distance resolution and a high space resolution

In order to achieve above-mentioned object, the first aspect
of the present mvention inheres 1 a semiconductor range-
finding element, encompassing (a) a semiconductor photo-
clectric conversion element encompassing a charge genera-
tion region of a {irst conductivity type, and a part of a surface
buried region of a second conductivity type of an opposite
conductivity type to the first conductivity type disposed on
the charge generation region, configured to recetve an optical
pulse, which 1s reflected by a target sample, and configured to
converts the optical signal 1nto signal charges in the charge
generation region; (b) first and second transter gate electrodes
configured to electrostatically control potentials of first and
second transfer channels implemented by another part of the
surface buried region adjacent to the part of the surface buried
region directly over the charge generation region, through
insulating films formed on the first and second transier chan-
nels, respectively, and configured to alternately transfer the
signal charges through the first and second transfer channels;
and (c) first and second floating drain regions configured to
accumulate the signal charges transferred by the first and
second transier gate electrodes, sequentially and respectively,
having the second conductivity type and a higher impurity
concentration than the surface buried region. In accordance
with the semiconductor range-finding element pertaining to
the first aspect, by sequentially applying pulse signals to the
first and second transfer gate electrodes in synchronization
with the optical pulse so as to operate the first and second
transier gate electrodes, a range to the target sample 1s mea-
sured, in accordance with a distribution ratio between the
charges accumulated in the first and second floating drain
regions. Here, the first conductivity type and the second con-
ductivity type are opposite to each other. That 1s, when the
first conductivity type 1s n-type, the second conductivity type
1s p-type, and when the first conductivity type is the p-type,
the second conductivity type is the n-type. As “the claimed
insulating films™, a silicon oxide film (810, film) 1s prefer-
able. However, the use of various 1nsulating films other than
the silicon oxide film (510, film) 1s not inhibited. That 1s, the
first and second transier gate electrodes typically have the
insulating gate structure of insulating gate type transistors
(MIS transistors) having the various insulating films. For
example, 1 a case of the ONO film implemented by the
triple-layer composite film of silicon oxide film (510, film)/
silicon nitride film (S1;,N,, film)/s1licon oxide film (510, film),
a dielectric constant of approximately € =510 5.5 1s obtained.
Moreover, the single layer film made of any one of a strontium
oxide (SrO) film of €, =6, a silicon mitride (S1,N,) film of
< =7, an aluminum oxide (Al,O,) film of €=8 to 11, a
magnesium oxide (MgO) film of €=10, a yttrium oxide
(Y,O,) film of € =16 to 17, a hatnium oxide (H1O,) film of
& =22 to 23, a zirconium oxide (ZrO.,) film of € =22 t0 23, a
tantalum oxide (Ta,O.) film of &€,=25 to 27, and a bismuth
oxide (B1,0;) film of &€,=40, or a composite film 1n which the
plurality of foregoing materials are laminated can be used as

the gate imnsulating film of the MIS transistor. Ta,O. and B1,0,
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are poor 1n thermal stability on the interface with poly-crystal
silicon. By the way, since the values of the exemplified
respective dielectric constants €, of those materials may be
changed depending on respective manufacturing methods,
the values of dielectric constants &, may depart from above-
mentioned values, depending on a case. Moreover, a compos-
ite gate insulating film embracing one of those films and a
s1licon oxide film may be used. The composite film may have
a stacked structure of triple layers or more. That 1s, at least, the
gate insulating film that partially includes the material having
the foregoing dielectric constant &, of 5 to 6 or more 1s
preferred. However, 1n the case of the composite film, 1t 1s
preferred to select the combination in which the effective
dielectric constant &, -measured as the entire gate insulating
film 1s 5 to 6 or more. Also, the gate insulating film made of
ternary-based compound such as a hainium aluminate
(HTAIO) film may be used. That 1s, the oxide, which at least
includes any one element of strontium (Sr), Aluminum (Al),
magnesium (Mg), yttrium (Y), hatnmium (HY), zirconium (Zr),
tantalum (Ta) and bismuth (B1), or the silicon nitride, which
includes those elements, can be used as the gate msulating
f1lm. By the way, strontium titanate (SrT10,) of ferroelectric
material, bartum strontium titanate (BaSr1103) and the like
can be used as the gate insulating film of a high dielectric
constant. However, the lack of the thermal stability on the
interface with the poly-crystal silicon and the hysteresis char-
acteristic of the ferroelectric matenal are required to be con-
sidered.

The second aspect of the present invention inheres 1n a
solid-state 1maging device, having a plurality of pixels
arrayed 1n a one-dimensional direction, wherein each of the
pixels encompasses (a) a semiconductor photoelectric con-
version element encompassing a charge generation region of
a first conductivity type, and a part of a surface buried region
of a second conductivity type of an opposite conductivity type
to the first conductivity type on the charge generation region,
configured to receive an optical pulse, which 1s reflected by a
target sample, and to convert the optical signal into signal
charges 1n the charge generation region; (b) first and second
transier gate electrodes configured to electrostatically control
potentials of first and second transier channels implemented
by another part of the surface burnied region adjacent to the
part of the surface buried region directly over the charge
generation region, through msulating films formed on the first
and second transfer channels, respectively, and configured to
alternately transfer the signal charges through the first and
second transfer channels; and (c¢) first and second floating
drain regions configured to accumulate the signal charges
transierred by the first and second transfer gate electrodes,
sequentially and respectively, having the second conductivity
type and a higher impurity concentration than the surface
buried region. In accordance with the solid-state 1imaging
device pertaining to the second aspect, pulse signals are
sequentially applied to the first and second transier gate elec-
trodes 1n all of the pixels, 1n synchronization with the optical
pulse, and 1n each of the pixels, a range to the target sample 1s
measured 1n accordance with a distribution ratio between the
charges accumulated 1n the first and second floating drain
regions.

The third aspect of the present invention inheres 1n a solid-
state imaging device, having a plurality of pixels arrayed 1n a
shape of a two-dimensional matrix, wherein each of the pixels
encompasses (a) a semiconductor photoelectric conversion
clement encompassing a charge generation region of a first
conductivity type, and a part of a surface buried region of a
second conductivity type of an opposite conductivity type to
the first conductivity type on the charge generation region,
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configured to recerve an optical pulse, which 1s reflected by a
target sample, and to convert the optical signal into signal
charges in the charge generation region; (b) first and second
transter gate electrodes configured to electrostatically control
potentials of first and second transier channels implemented
by another part of the surface buried region adjacent to a part
of the surface buried region directly over the charge genera-
tion region, through sulating films formed on the first and
second transfer channels, respectively, and configured to
alternately transfer the signal charges through the first and
second transfer channels; and (c¢) first and second floating
drain regions configured to accumulate the signal charges
transierred by the first and second transfer gate electrodes,
sequentially and respectively, having the second conductivity
type and a higher impurity concentration than the surface
buried region. In accordance with the solid-state 1maging
device pertaining to the third aspect, pulse signals are sequen-
tially applied to the first and second transfer gate electrodes in
all of the pixels, 1n synchronization with the optical pulse, and
in each of the pixels, a range to the target sample 1s measured
in accordance with a distribution ratio between the charges
accumulated 1n the first and second floating drain regions, and
all of the pixels are two-dimensionally accessed, and a two-
dimensional picture corresponding to the measured ranges 1s
obtained.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a diagrammatic plan view describing a layout on
a semiconductor chip of a solid-state 1maging device (two-
dimensional image sensor) according to a first embodiment of
the present invention;

FIG. 2 1s a schematic plan view describing a configuration
of a semiconductor range-finding element serving as a part of
pixels in the solid-state imaging device according to the first
embodiment of the present invention;

FIG. 3 1s a diagrammatic cross-sectional view that 1s
viewed from an A-A direction 1in FIG. 2;

FIG. 4 1s a diagrammatic view explaining: a potential dis-
tribution 1n a surface buried region when a pulse signal
TX1=1V 1s applied to a first transter gate electrode and when
a pulse signal TX2=-2V 1s applied to a second transfer gate
clectrode; and a manner of a transfer of signal charges to a first
floating drain region;

FIG. 5 1s a ttiming chart describing a relation of an opera-
tional timing between optical pulses entered to a light-recerv-
ing gate electrode 1n the semiconductor range-finding ele-
ment according to the first embodiment and the pulse signals
applied to the first transier gate electrode and the second
transier gate electrode;

FIG. 6 1s a timing chart describing the operations of the

solid-state imaging device according to the first embodiment

shown 1n FIG. 1;

FIG. 7 1s a process-flow cross-sectional view (No. 1)
describing a manufacturing method of the semiconductor
range-finding element and solid-state 1maging device,
according to the first embodiment of the present invention;

FIG. 8 1s a process-flow cross-sectional view (No. 2)
describing the manufacturing method of the semiconductor
range-finding eclement and solid-state 1maging device,
according to the first embodiment of the present invention;

FIG. 9 1s a process-flow cross-sectional view (No. 3)
describing the manufacturing method of the semiconductor
range-finding element and solid-state 1maging device,
according to the first embodiment of the present invention;
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FIG. 10 1s a diagrammatic cross-sectional view explaining,
a schematic configuration of a semiconductor range-finding

clement serving as a part of pixels i a solid-state 1maging
device according to a second embodiment of the present
invention;

FIG. 11 1s a process-tlow cross-sectional view (No. 1)
describing a manufacturing method of the semiconductor
range-finding element and solid-state 1maging device,
according to the second embodiment of the present invention;

FIG. 12 1s a process-tlow cross-sectional view (No. 2)
describing the manufacturing method of the semiconductor
range-finding element and solid-state 1maging device,
according to the second embodiment of the present invention;

FIG. 13 1s a process-tlow cross-sectional view (No. 3)
describing the manufacturing method of the semiconductor
range-finding element and solid-state i1maging device,
according to the second embodiment of the present invention;

FI1G. 14 1s a diagrammatic cross-sectional view describing
a schematic configuration of the TOF range-finding sensor
proposed in Japanese Laid Open Patent Application (JP 2005-
235893 A), the entire contents of which are incorporated by
reference 1n this specification;

FI1G. 15 1s a schematic plan view describing a configuration
of a semiconductor range-finding element serving as a part of
pixels 1n a solid-state 1imaging device according to another
embodiment of the present invention; and

FI1G. 16 1s a diagrammatic plan view when viewed from the
B-B direction of FIG. 15.

DETAILED DESCRIPTION OF THE INVENTION

Already, one of the iventors proposed a TOF range-find-
ing sensor, which uses the region of a p-type semiconductor
substrate 18 under a field oxide film 31 as shown 1n FIG. 14,
as an active layer, in Japanese Laid Open Patent Application
(JP 2005-235893A), the entire contents of which are incor-
porated by reference in this specification. The structure
shown 1n FI1G. 14 1s the TOF range-finding sensor that can be
manufactured by manufacturing step of a standard CMOS
image sensor, and gate electrodes 11, 16aq and 165 made of,
for example, poly-silicon transparent to light are formed on
the field oxade film 31. The structure shown 1n FIG. 14 1s
intended to establish a sufficient fringing electric field by
designing the MOS structure, in which in order to transter the
charges from the region directly under a central gate electrode
11 to which the light 1s rradiated, to a first floating drain
region 23a and a second tloating drain region 235 on the right
and lett sides at a high speed, the p-type semiconductor sub-
strate 18 having a low 1impurity concentration is used as the
active layer, and the thick field oxide film 31 1s further pro-
vided as an 1nsulating {ilm for the MOS structure.

However, the subsequent discussion revealed that the
structure shown 1n FI1G. 14 had two problems to be solved for
providing the TOF range-finding sensor having a high per-
formance. One problem lies 1n the fact that, when near-infra-
red light 1s used as the light source used 1n the TOF range-
finding sensor, the electrons generated 1n the very deep
portion in the p-type semiconductor substrate 18 are diffused
and slowly transported to the surface, and the response of the
charge detection to the optical pulse 1s delayed. The other
problem lies in the fact that, since the surface channel 15 used,
the electrons captured on the interface between the p-type
semiconductor substrate 18 and the field oxide film 31 are
discharged after the elapse of a certain time, and the delay 1s
consequently generated 1n the response. So, 1n the solid-state
imaging device (two-dimensional image sensor) according to
the first and second embodiments of the present invention, the
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pixel structure 1s provided in which the behavior of the TOF
range-finding sensor proposed in JP 2005-235893 A 1s further

improved, thereby facilitating a higher speed operation.

In the 1llustrations of the drawings according to the first and
second embodiments, the same or similar reference numerals
are applied to the same or similar parts and elements. How-
ever, the first and second embodiments only exemplify the
apparatus and method that embody the technical idea of the
present invention. As for the technical 1dea of the present
invention, the configurations and arrangements of the circuit
clements and circuit blocks, or the layouts on semiconductor
chips, and the like are not limited to the following descrip-
tions. Various changes can be added to the technical 1dea of
the present invention, within the technical range described in
claims.

By the way, in the following descriptions of the first and
second embodiments, a first conductivity type 1s explained as
the p-type, and a second conductivity type 1s explained as the
n-type. However, the fact would be easily understood in
which, even when the first conductivity type is defined as the
n-type and the second conductivity type 1s defined as the
p-type, il the electric polarities are made opposite, the similar
elfectiveness can be obtained.

First Embodiment

In a solid-state 1imaging device (two-dimensional 1mage
sensor) according to the first embodiment of the present
invention, as shown in FIG. 1, pixel arrays (X, to X, , X, to
X, ,...X ,toX Jand peripheral circuits (94, 95, 96, and
NC, to NC, ) are integrated on a same semiconductor chip. A
large number of pixels X, (1=1 to m, j=1 to n, and the m, n are
integers, respectively) are two-dimensionally arrayed 1n the
pixel arrays, and a rectangular 1maging region i1s i1mple-
mented. Then, the timing controller 94 1s installed on the
upper side of this pixel array, and the horizontal shift register
96 15 installed on the lower side, respectively along pixel rows
X, ,t0X, . X,,;toX, ,...,X  toX  directions. On the
right side of the pixel array, a vertical shift register and a
vertical scanner 935 are installed along pixel columns X, to
X, Xpt0X oo, Xt0X . X, 10X, directions. As
illustrated an 1nner structure 1n the pixel X, , each pixel X
embraces a TOF pixel circuit 81 having a semiconductor
photoelectric converting element and a charge transferring
segment and a voltage-read-out buffer amplifier 82.

The pixels X, arrayed 1n the inside of the pixel array are
sequentially scanned by the timing controller 94, the horizon-
tal shift register 96 and the vertical shiit register and vertical
scanner 95. Then, the reading out of pixel signals and an
clectronic-shuttering operation are executed. That 1s, the
solid-state imaging device according to the first embodiment
of the present invention 1s designed such that, while the pixel
array 1s vertically scanned at the respective pixel rows X, to
X, X, t0X, .....X ,toX . thepixel signals oneachof
thepixelrows X, to X, X, toX, .....X . toX _areread
out through the vertical signal lines connected to each of the
pixelcolumns X, to X, |, X,,t0X ,, ..., X  t0X, ,...,X,,
to X, .

The signal read-out operation from the respective pixel X, ,
toX, ,X,,t0oX, ,...,X toX _ areroughlysimilar to the
carlier CMOS 1mage sensor. However, control signals TX1
(¢01), TX2(¢2) for the charge transfers from the respective
photodiodes 1n the respective pixels X,, to X, . X,, to
X, ,....,%X toX _areappliedtoall ofthepixels X, to X, ,
X, t0X,, ..., X ;toX bythe timing controller 94 at the
same time, and because of the signals of high frequencies,
switching noises are generated 1n the periods. Thus, the signal
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read-out operation from the pixels are executed by providing,
a signal read-out period after the completion of the processes
executed by the noise processing circuits NC, to NC_ .

FIG. 2 shows, as one example, a plan view of the semicon-
ductor range-finding element serving as the TOF pixel circuit
81 assigned meachofthepixels X, to X, . X, to X, ...,
X ,to X  1n the solid-state imaging device according to the
first embodiment. A semiconductor photoelectric conversion
clement 1s formed directly under a light-receiving gate elec-
trode 11 shown on the center of FIG. 2, and a first transfer gate
clectrode 164 and a second transier gate electrode 165, which
transier the signal charges generated by the semiconductor
photoelectric conversion element alternately 1n right and left
directions, are arranged on both sides of the light-receiving
gate electrode 11. The light emitted as a repetitive pulse signal
by a light source 91 1n FIG. 1 1s reflected by a target sample 92
and 1rradiate on the semiconductor photoelectric conversion
clement through an opening 42 of a light shielding film (a
light shielding film 41 1s shown in FIG. 3) indicated by a
dot-dashed line going around the periphery of the light-re-
ceiving gate electrode 11 1n FI1G. 2. That 1s, the semiconductor
photoelectric conversion element recerves the optical pulse,
which 1s irradiated through the opening 42 of the light shield-
ing film 41, as an optical signal and converts this optical
signal into the signal charges.

Moreover, as shown 1n FI1G. 2, the first floating drain region
23a for accumulating the signal charges transierred by the
first transier gate electrode 164 1s arranged on the right side,
and the second floating drain region 235 for accumulating the
signal charges transierred by the second transier gate elec-
trode 165 1s arranged on the left side. A first reset gate elec-
trode 13a adjacent to the first floating drain region 23a and a
first reset source region 24a, which 1s opposite to the first
floating drain region 23a with respect to the first reset gate
clectrode 13a, are further arranged on the right side of F1G. 2.
On the other hand, a second reset gate electrode 135 adjacent
to the second floating drain region 235 and a second reset
source region 24bH, which 1s opposite to the second floating
drain region 235 with respect to the second reset gate elec-
trode 135 are further arranged on the leit side of FIG. 2. A
MOS transistor serving as a first reset transistor 1s established
by the first floating drain region 23a, the first reset gate elec-
trode 13a and the first reset source region 24a, and a MOS
transistor serving as a second reset transistor 1s established by
the second floating drain region 23b, the second reset gate
clectrode 136 and the second reset source region 24b. For the
respective first reset gate electrode 13a and second reset gate
clectrode 135, control signals R are all set at a high (H) level,
and the charges accumulated 1n the first floating drain region
23a and the second floating drain region 235 are discharged to
the first reset source region 24a and the second reset source
region 24b, respectively, and the first floating drain region 23a
and the second tloating drain region 235 are reset.

As shown 1n FIG. 2, 1n the semiconductor range-finding
clement according to the first embodiment, in such a way that
the signal charges generated by the semiconductor photoelec-
tric conversion element are transferred 1n the directions oppo-
site to each other (the right and left directions), on a planar
pattern, the respective central lines (not shown) of the first
transier gate electrode and the second transier gate electrode
are aligned on the same straight line. Then, the respective
widths of the first transier gate electrode 164 and the second
transier gate electrode 165, which are measured in the direc-
tion orthogonal to the transfer direction of the signal charges
(the upper and lower direction 1n FIG. 2) are made narrower
than the width of the light-receiving gate electrode 11 that 1s
measured in the orthogonal direction. Thus, even 1f the area of
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the light-receiving region directly under the light-receiving
gate electrode 11 1s made large, the perfect transiers of the
signal charges that are carried out by the first transfer gate
clectrode 16a and the second transfer gate electrode 165 can
be executed.

FIG. 3 1s the cross-sectional structure of the semiconductor
range-finding element and shows a semiconductor substrate
19 of the first conductivity type (p-type), a semiconductor
layer (epitaxial growth layer) 20 of the first conductivity type
(p-type) arranged on the semiconductor substrate 19, and a
surface buried region 22 of the second conductivity type
(n-type) arranged on the semiconductor layer (epitaxial
growth layer) 20. The semiconductor photoelectric conver-
sion element 1s implemented by an msulating film 31 directly
under the light-recerving gate electrode 11 in the central
portion, the surface buried region 22, the semiconductor layer
(epitaxial growth layer) 20 and the semiconductor substrate
19. A part of the semiconductor layer (epitaxial growth layer)
20 of the first conductivity type (p-type) located directly
under the light-recerving gate electrode 11 serves as the
charge generation region of the semiconductor photoelectric
conversion element. The carriers (electrons) generated 1n the
charge generation region are injected into a sub-area of the
surface buried region 22 directly over the charge generation
region.

The insulating film 31 extends from directly under the
light-receiving gate electrode 11 to under the first transfer
gate electrode 16a and the second transier gate electrode 165
in the right and lett portion. Below the insulating film 31, the
surface buried region 22 1s burnied to extend from directly
under the light-recerving gate electrode 11 to under the first
transier gate electrode 16a and the second transier gate elec-
trode 165 1n the right and ledt directions. That 1s, 1n the surface
buried region (another sub-area of the surface buried region
22) 22 adjacent to the right side of the surface buried region 22
directly under the light-recerving gate electrode 11 (directly
over the charge generation region), the site located directly
under the first transfer gate electrode 16a serves as a first
transfer channel. On the other hand, in the surface buried
region (a still another sub-area of the surface buried region
22) 22 adjacent to the leit side of the surface buried region 22
directly under the light-recerving gate electrode 11 (directly
over the charge generation region), the site located directly
under the second transfer gate electrode 165 serves as a sec-
ond transier channel. Then, the first transier gate electrode
16a and the second transier gate electrode 165 electrostati-
cally control the potentials of the first and second transfer
channels through the insulating films 31 formed on those first
and second transier channels, respectively, and transfer the
signal charges alternately through the first and second trans-
fer channels to the first floating drain region 23aq and the
second floating drain region 235 of the second conductivity
type (n-type), respectively. Each of the first floating drain
region 23a and the second tloating drain region 235 1s the
semiconductor region having a higher impurity concentration
than the surface buried region 22. As evident from FIG. 3, the
surface buried region 22 1s formed to contact with the first
floating drain region 23a and the second floating drain region
23b 1n the right and left portions.

As shown 1n FIG. 3, a gate electrode of a signal-read-out
transistor (amplification transistor) MA1 implementing the
voltage-read-out builer amplifier 82 1s connected to the first
floating drain region 234, and a gate electrode of a signal-
read-out transistor (amplification transistor) MA2 of the volt-
age-read-out butler amplifier 82 1s connected to the second
floating drain region 235. A source electrode of the signal-
read-out transistor (amplification transistor) MA1 1s con-
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nected to a power supply VDD, and a drain electrode 1s
connected to a source electrode of a switching transistor MS1,
which 1s adapted for selecting pixel. A drain electrode of the
switching transistor MS1 adapted for selecting pixel 1s con-
nected to a vertical signal line B,,, and a control signal S for
selecting a horizontal line 1s applied to the gate electrodes by
the vertical shift register and vertical scanner 95. A source
clectrode of the signal-read-out transistor (amplification tran-
s1stor) MA2 1s connected to the power supply VDD, and a
drain electrode 1s connected to a source electrode of a switch-
ing transistor MS2 adapted for selecting pixel. A drain elec-
trode of the switching transistor MS2 adapted for selecting
pixel 1s connected to a vertical signal line B, , and the control
signal S for selecting the horizontal line 1s applied to the gate
clectrodes by the vertical shift register and vertical scanner
95. Since the selecting control signal S 1s set at high (H) level,
the switching transistors MS1, MS2 are turned on, and the
currents which are amplified by the signal-read-out transis-
tors (amplification transistors) MA1, MA2 and correspond to
the potentials of the first floating drain region 23a and the
second floating drain region 235 flow through the vertical
signal lines B, B, .

The impurity concentration of the semiconductor layer 20
serving as the charge generation region 1s lower than the
impurity concentration of the semiconductor substrate 19.
That 1s, the semiconductor substrate 19 is preferred to have
the impurity concentration of about 4x10"” cm™ or more and
about 1x10°' cm™ or less, and the semiconductor layer (epi-
taxial growth layer) 20 serving as the charge generation
region 1s preferred to have the impurity concentration of
about 6x10"'" cm™ or more and about 2x10" cm™ or less.

In particular, when the semiconductor substrate 19 is a
s1licon substrate having the impurity concentration of about
4x10'" cm™ or more and about 1x10°' cm™ or less, and the
semiconductor layer (epitaxial growth layer) 20 1s elected to
be a silicon epitaxial growth layer 20 having the impurity
concentration of about 6x10'" cm™ or more and about
2x10" cm™ or less, conventional CMOS process can be
employed. As the insulating film 31, 1t 1s possible to use the
field oxide film made by a selective oxidization method,
which 1s called “a LOCOS (Local oxidation of silicon)
method”, used for the element 1solation architecture. From
the viewpoint of industrial meaning, 1n the case of the semi-
conductor substrate 19 having the impurity concentration of
about 8x10"’ cm™ ormore and about 1x10°° cm™ orless and
the silicon epitaxial semiconductor layer 20 having the impu-
rity concentration of about 6x10'° ¢cm™ or more and about
1.5%10" cm™ or less, the availability on the market is easy,
and these device parameters are preferable. The thickness of
the silicon epitaxial semiconductor layer 20 may be between
about4 and 20 um and preferably between about 6 and 10 um.
The semiconductor layers (epitaxial growth layers) 20
located directly under the light-recerving gate electrode 11
and directly under the first transfer gate electrode 16q and the
second transier gate electrode 165 1n the right and left por-
tions are the regions 1n which the p-wells and n-wells, being
essential 1n conventional CMOS process, are not provided.

On the other hand, the surface buried region 22 can employ
the value of the impurity Concentration of about 5x10'* cm™>
or more and about 5x10"° cm™ or less, typically, for example,,
the impurity concentration of about 1x10'> ¢m™, and its
thickness can be between about 0.1 and 3 um, preferably
between about 0.5 and 1.5 um.

When the insulating film 31 1s made of thermally oxidized
film, the thickness of the thermally oxidized film may be
elected to be about 150 nm or more and about 1000 nm or less,
and preferred to be about 200 nm or more and about 400 nm
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or less. When the insulating film 31 1s made of dielectric film
other than the thermally oxidized film, 1ts thickness may be
“the equivalent thickness” 1n terms of the dielectric constant
< (at 1 MHz, €,=3.8) of the thermally oxidized film. For
example when the CVD oxide film having a dielectric con-
stant ©,=4.4 1s used, the equivalent thickness may be
employed that 1s 1.16 times (4.4/3.8) of the thickness of the
thermally oxidized film, and when the silicon nitride (S1,N,,)
film having a dielectric constant & =7 1s used, the equivalent
thickness may be employed that 1s 1.84 times (7/3.8) of the
thickness of the thermally oxidized film. However, the oxide
film (510, film) formed by the standard CMOS technique 1s
preferred to be used, and the use of the field oxide film 1n the
CMOS technique 1s suitable for the simplification of the
manufacturing step.

The pulse signal TX1 as shown 1n FIG. 5 1s applied to the
first transter gate electrode 16a formed on the insulating film
(field oxade film) 31, and the pulse signal TX2 in FIG. 5 1s
applied to the second transfer gate electrode 165. A constant
voltage PG, for example, 0V 1s applied to the central light-
receiving gate electrode 11. For example, when the pulse
signal TX1=1V 1s applied to the first transier gate electrode
16a and the pulse signal TX2=-2V 1s applied to the second
transier gate electrode 165, the potential distribution 1n the
surface buried region 22 1s as shown 1n FIG. 4(b). Then, the
clectrons generated by the optical signal are transierred to the
floating drain region 23a on the right side. Reversely, when
the pulse signal TX1=-2V 1s applied to the first transfer gate
clectrode 164 and the pulse signal TX2=1V 1s applied to the
second transier gate electrode 165, the electrons generated by
the optical signal are transferred to the tloating drain region
23b on the left side. The charge transiers, which are carried
out by the first transfer gate electrode 16a and the second
transier gate electrode 165b, are carried out at the high speed,
because the surface buried region 22 1s used and the carriers
(electrons) run through the bulk portion deeper than the inter-
tace with the msulating film (field oxide film) 31 so that the
influence of the interface levels and surface scatterings on the
interface between the insulating film (field oxide film) 31
does not affect the carrier transport. That 1s, the n-type surface
buried region 22 1s formed on the p-type silicon epitaxial
growth layer 20. Thus, the potential in the deep direction,
which enables the carniers (electrons) to run through the deep
region near the interface between the n-type surface buried
region 22 and the p-type silicon epitaxial growth layer 20, 1s
formed, which disables the capture of the carriers (electrons)
that are generated by the light 1n the level of the interface
between the semiconductor region and the field oxide film 31.

Moreover, when there 1s no surface buried region 22, it
takes a long time until the electrons generated 1n the neutral
region 1n the deep poison of the p-type silicon epitaxial
growth layer 20 are diffused and transported to the vicinity of
the semiconductor surface near the insulating film (field
oxide film) 31. This phenomenon causes a timing lag between
the 1rradiation of optical pulse and the detection of generated
clectrons. However, since the surface buried region 22 1is
installed, the electrons generated in the neutral region in the
deep portion of the p-type silicon epitaxial growth layer 20
serving as the charge generation region are injected into the
surface buried region 22 at a short time. Consequently, the
influence caused by the timing lag between the optical pulse
and the detection of the generated electron 1s reduced.

In the semiconductor range-finding element according to
the first embodiment, for example, when the optical pulse as
shown 1n FIG. 5 1s emitted, the signal charges caused by the
optical pulse 1rradiated in the period when the pulse signal
TX1=1V are transierred to the floating drain region 23a on
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the right side, and the signal charges caused by the optical
pulse 1rradiated 1n the period when the pulse signal TX2=1V
are transierred to the floating drain region 235 on the left side.
At this time, 11 the optical pulse has the wavetorm of A shown
in FIG. 5, the quantities of the electrons (signal charges)
respectively transierred to the first tloating drain region 23a
and the second floating drain region 235 are equal. On the
other hand, if a delayed optical pulse such as the waveiorm of
B indicated by the dashed line 1n FIG. 5 1s 1rradiated, the
signal charge quantity transierred to the tloating drain region
235 on the left side 1s increased. Thus, when the difference
between the quantities of the electrons (signal charges) accu-
mulated 1n the first floating drain region 23a on the right side
and the second floating drain region 235 on the left side 1s
determined, the time lag of the optical pulse can be estimated.

In short, an estimated range L determined by the semicon-
ductor range-finding element according to the first embodi-
ment 1s given by the distribution ratio between signal charges
Q, that are transterred to and accumulated in the leit floating
drain region 235 and signal charges Q, that are transterred to
and accumulated 1n the right floating drain region 23a, as

indicated by Eq. (1).

L=(cToy/2)((o/(Q1+P5)) (1)

Here, ¢ 1s the light speed, and T, 1s the pulse width of the
optical pulse.

In order to satisty Eq. (1), 1t 1s necessary to create the
structure 1n which the signal charges generated by the optical
signal 1n the semiconductor layer 20 serving as the charge
generation region ol the semiconductor range-finding ele-
ment are delivered into the first floating drain region 234 and
the second floating drain region 235 1n a very short time, as
compared with the pulse width T, of the optical pulse. There-

fore, the semiconductor range-finding element according to
the first embodiment 1s designed to have the structure that can
establish a sufficiently large lateral fringing electric field 1n
the surface buried regions 22 directly under the first transier
gate electrode 164a and the second transier gate electrode 165.
That 1s, a parallel plate capacitor 1s built 1n the structure 1n
which the insulating film (field oxide film) 31 made of a thick
oxide film 1s formed on the p-type silicon epitaxial growth
layer 20 having a low impurity concentration, and the light-
receiving gate electrode 11, the first transfer gate electrode
16a and the second transier gate electrode 165 are provided
thereon. As evident from the Gauss’s law, in the parallel plate
capacitor, the electric field distribution 1s deviated from the
fields of the parallel plate approximation, at fringing portions
directly under the insulating film (field oxide film) 31, each of
the position of the Ifrnging portions corresponds to the
respective end of the first transfer gate electrode 16a and the
second transier gate electrode 16b. Thus, because the vertical
clectric fields induced by the potentials between the first
transier gate electrode 16a and the second transier gate elec-
trode 165 are relatively small at fringing portions, the fringing
clectric fields implemented by the electric fields having direc-
tions other than the vertical direction are established. The
component of the fringing electric field increases with the
thickness of the mnsulating film (field oxide film) 31. In par-
ticular, when the thickness 1s elected to be about 150 nm or
more and about 1000 nm or less 1n terms of the dielectric
constant of the thermally oxidized film, suificient fringing
clectric fields (lateral electric fields) for accelerating carriers
(electrons) running parallel to the surface of the substrate are
established. As the thickness of the insulating film (field oxide
film) 31 becomes thick, the fringing electric fields (in short,
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the lateral electric fields at the electrode end) are easily
induced. However, when the thickness of the insulating film
(field oxide film) 31 1s made excessively thicker, the electric
field strength by itself becomes weaker, and the lateral elec-
tric fields at the electrode ends become smaller as well. Thus,
the thickness of about 1000 nm or more 1n terms of the
dielectric constant of the thermally oxidized film 1s not pret-
erable. Hence, the thickness of about 200 nm or more and
about 400 nm or less 1n terms of the dielectric constant of the
thermally oxidized film 1s preferable because the fringing
clectric fields are sufliciently large.

As shown 1 FIG. 2 and FIG. 3, a gap between the light-
receiving gate electrode 11 and the first transier gate electrode
16a and a gap between the light-receiving gate electrode 11
and the second transier gate electrode 16 are preferred to be
1 um or less. With regard to CCD and the like, a technique of
double-layer poly-silicon 1s known, facilitating a miniatur-
1ization of the gaps between the transier gate electrodes adja-
cent to each other so as to suppress the formation of the
potential barriers 1n the gaps. However, also 1n the semicon-
ductor range-finding element according to the first embodi-
ment, the gap between the light-recerving gate electrode 11
and the first transier gate electrode 16a and the gap between
the light-recerving gate electrode 11 and the second transier
gate electrode 165 are desired to be narrowed to the minimal
gap dimension that 1s allowed by the state-of-the-art micro-
fabrication technique. By using a double exposure technique
or an opening contraction technique that uses a TEOS (tetra
cthyl ortho-silicate) film deposited by CVD or the like, 1t 1s
possible to achueve the gap of 60 nm or less or 50 nm or less,
even 1n optical exposure. In the semiconductor range-finding
clement according to the first embodiment, 1f the thickness of
the insulating film (field oxide film) 31 1s elected to be about
150 nm or more and about 1000 nm or less in terms of the
dielectric constant of the thermally oxidized film, the gap
between the light-recerving gate electrode 11 and the first
transier gate electrode 16a and the gap between the light-
receiving gate electrode 11 and the second transier gate elec-
trode 166 can be made finer and finer by using the advanced
micro-fabrication technique so that potential fluctuation 1s
generated 1n the surface buried regions 22 directly under the
gap between the light-receiving gate electrode 11 and the first
transter gate electrode 16a and directly under the gap between
the light-receiving gate electrode 11 and the second transier
gate electrode 16b, therefore, even the single-layer electrode
structure (for example, the single-layer poly-silicon electrode
structure) 1s used as shown 1n FIG. 3, 1t 1s possible to suppress
the formation of the potential barriers.

<Operation of Solid-State Imaging Device>

The operations of the solid-state 1imaging device (two-
dimensional image sensor) according to the first embodiment
of the present invention whose schematic organization 1s
shown 1n FIG. 1 will be described below by using FIG. 6.

(a) For the first reset gate electrode 13a and the second reset
gate electrode 135 1n each of all the pixels X, to X, , X,
Xy ooy X 10X~ showninFIG. 1, the control signals R are
all set at high (H) level, and the charges accumulated 1n the
first floating drain region 23a and the second floating drain
region 235 are discharged to the first reset source region 24a
and the second reset source region 245, respectively, and the
first floating drain region 23a and the second floating drain
region 23b are reset.

(b) After that, the optical pulse 1s emitted from the light
source 91, and the optical pulse retlected by the target sample
92 enters through the opening 42 of the light shielding film 41
in each of the pixels X, to X, . X,;to X, ..., X ;t0oX

172

to each of the semiconductor photoelectric conversion ele-
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ments. In synchronization with the optical pulse, the repeti-
tive pulses TX1, TX2 are applied to the first transfer gate
clectrode 16a and the second transfer gate electrode 165 1n
cachofallthepixels X, to X, ., X,, t0X, .....X 10X
at the timing as shown 1n FIG. 6, all at once, and the first
transier gate electrode 16a and the second transfer gate elec-
trode 165 are driven for a predetermined constant period.

(c) Alter that, the emission of the optical pulse from the
light source 91 1s stopped, and the voltages of the first tloating
drain region 23¢a and the second floating drain region 235 are
read out to the outside by using the voltage-read-out builer
amplifier 82. In this read-out period, so that the charges gen-
erated by the background light signal do not flow 1n the first
floating drain region 23a and the second tloating drain region
23b, negative voltages are applied to the first transfer gate
clectrode 16a and the second transter gate electrode 165. (d)
As Tor the reading out, the voltages of the first floating drain
region 23a and the second floating drain region 235 are read
out to the noise processing circuits NC, to NC  of the corre-
sponding column, and 1n each of the noise processing circuits
NC, to NC_ . noise canceling are carried out by a noise can-
celler 83 and a noise canceller 84, and a horizontal scanning
1s then executed. The selection of one horizontal line 1s car-
ried out by applying the control signal S to the switching
transistors MS1, MS2 adapted for selecting pixel 1n the volt-
age-read-out butfer amplifiers 82 inside the pixels X, to X, .
X, t0X, ..., X ,t0oX . Then,thesignal of the horizontal
line corresponding to a vertical signal appears. In order to
decrease the fixed pattern noise and 1/1 noise which are gen-
erated by the voltage-read-out buffer amplifier 82 in each of
thepixels X, to X, . X, t0X, ,..., X ,toX . thenoise
canceller 83 and the noise canceller 84 determine the differ-
ence between the signal level and the level when the first
floating drain region 23a and the second floating drain region
23b are reset. The noise canceller 83 and the noise canceller
84 are the circuits for sampling the signal level and the level
alter the reset with ¢S, R, respectively, and determining the
difference. Since the noise canceller 1tself 1s not much related
to the essential feature of the present invention, the explana-
tion of the noise canceller 1s omitted.

As explained above, according to the semiconductor
range-finding element of the first embodiment, because the
n-type surface buried region 22 1s formed, the transier chan-
nel through which the electrons (the signal charges) are trans-
ferred 1s buried in the deep portion, which 1s close to the
interface between the p-type silicon epitaxial growth layer 20
and the n-type surface buried region 22, and the transfer
channel 1s not disposed near the interface between the semi-
conductor region and the field oxide film 31. Thus, the elec-
trons (the signal charges) are never captured at the interface
level. If the electrons (the signal charges) are captured at the
interface level, they will be discharged after the elapse of a
considerable time, and the response 1s delayed, which reduces
the distance resolution.

Moreover, when the semiconductor range-finding ele-
ments according to the first embodiment are arrayed in the
shape of the two-dimensional matrix, as shown in FIG. 1, with
low cost, a high distance resolution can be achieved, and the
structure 1s sumple. Thus, 1t 1s possible to achieve a TOF
range-finding sensor 1 which a plurality of pixels are
arranged and the space resolution 1s high. The earlier-devel-
oped TOF range-finding sensor has about 20,000 pixels or
less. However, in the solid-state imaging device (the TOF
range-finding sensor) according to the first embodiment,
320x240 pixels, namely, about 77,000 pixels can be easily
manufactured, which can greatly improve the resolution, as
compared with the earlier technique.
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<Manufacturing Method of Semiconductor Range-Find-
ing Element and Solid-State Imaging Device>

The manufacturing method of the semiconductor range-
finding element and solid-state 1maging device according to
the first embodiment of the present mvention will be
described below with reference to FIG. 7 to FIG. 9. By the
way, the manufacturing method of the semiconductor range-
finding element and solid-state imaging device, which will be
described below, 1s one example. It 1s natural that the various
manufacturing methods other than the method described
below, including the variation of the method described below
can manufacture the semiconductor range-finding element
and solid-state imaging device.

(a) At first, as shown 1n FIG. 7(a), an epitaxial substrate
encompassing a p-type semiconductor substrate 19, whose
main surface1s a (100) plane, of about 0.07 t0 0.0012 2cm (an
impurity concentration is about 8x10'" cm™ or more and
about 1x10°° cm™ or less) and a p-type silicon epitaxial
growth layer 20 grown on the semiconductor substrate 19, the
epitaxial growth layer 20 having a thickness of about 4 to 20
um and an impurity concentration of about 6x10'> to 1.5x
10"> cm-3 or less is prepared. After the thermally oxidized
film (S10,) of about 150 nm 1s formed on the main surface of
the p-type silicon epitaxial growth layer 20, a photo resist film
1s coated, and the photo resist film 1s delineated by a photo-
lithography technique, and a p-well formation region 1is
opened in the photo resist film. Next, boron ions (' 'B*) of a
dose amount of about 10'* to 10 cm™* are implanted through
the thermally oxidized film 1nto the p-well formation region.
Next, the portion of the well formation region of the thermally
oxidized film 1s etched and removed. Also, the photo resist
f1lm 1s removed, and after the completion of a predetermined
cleaning step, the implanted boron 1ons are thermally diffused
at about 1200° C., and a p-well 25 1s formed as shown in FIG.
7(b). Although the 1llustration 1s omitted, another p-wells 25
are formed 1n the peripheral circuit area and the read-out
butter amplifier 82 assigned in each of the unit pixel X, atthe
same time. Also, n-wells are similarly formed 1n the periph-
eral circuit area whose 1llustration 1s omaitted.

(b) Next, after the thermally oxidized film on the main
surface of the p-type silicon epitaxial growth layer 20 1s
removed and stripped all over the surface, a pad oxide film
(S10,) 51 having a film thickness of about 100 nm 1s again
formed on the main surface of the silicon epitaxial growth
layer 20, by means of a thermally oxidizing method. After
that, the CVD method 1s used to grow a nitride film (S1;N,,) 52
having a film thickness of about 200 nm. A photo resist film
53, which has been delineated by the photolithography tech-
nique, 1s prepared on the nitride film 52. Then, with the
delineated photo resist film 53 as a mask, reactive 1on etching
(RIE) 1s executed. Then, as shown in FI1G. 7(¢), phosphorous
ions (°'P*) of a dose amount of about 6x10'° to 3x10'" cm™2
are 1implanted into the p-type silicon epitaxial growth layer
20. Then, an 10n implanted layer 34 scheduled for the surface
buried region 1s formed on the surface of the p-type silicon
epitaxial growth layer 20. On the other hand, although the
illustration 1s omitted, in the peripheral circuit and the read-
out butter amplifiers 82 arranged in each ot the unit pixels X,
with the nitride film 52 serving as the mask for channel-stop
ion-implantation, the iversion protection impurity 1ons are
implanted so as to generate an inversion protection layer 1n
the element 1solation region. Therefore, when the mversion
protection impurity 10ons are implanted 1nto the element iso-
lation region, 1t 1s necessary that the inversion protection
impurity ions do not enter the 1on implanted layer 54 sched-
uled for the surface buried region shown 1 FIG. 7(c). There-
fore, after the removal of the photo resist {ilm 53, the opening
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ol the nitride film 52 on the upper portion of the 1on implanted
layer 54 scheduled for the surface buried region shown in
FIG. 7(c) 1s covered with a different photo resist film by the
photolithography technique, and the phosphorous ions (°*P™*)
of adose amount of about 6x10'*to 2x10"'> cm™* are channel-
stop-1on-1mplanted into only the nMOS formation regions of
the peripheral circuit and the read-out buffer amplifier 82.
Next, after the removal of the photo resist film, the photoli-
thography technique is used to delineate a new photo resist
film, and the boron ions (*'B*) are channel-stop-ion-im-
planted into only the pMOS formation region of the periph-
eral circuit. After that, the photo resist film 1s removed.

(¢) Next, the LOCOS method 1s used to form a field oxide
film 31 having a thickness of about 150 nm or more, about
1000 nm or less, preferably about 200 nm or more and about
400 nm or less, 1s formed 1n the opening of the nitride film 52,
as shown 1n FIG. 7(d). The nitride film 52 covering the ele-
ment formation region 1s used as the oxidation protection film
because its oxidation rate 1s extremely slow as compared with
silicon. As a result, as shown 1n FIG. 7(d), the surface buried
region 22 1s formed on the interface between the field oxide
film 31 and the p-type silicon epitaxial growth layer 20.
Simultaneously, the p™ mversion protection layer (channel
stop region) 1s formed 1n the element 1solation region sur-
rounding the pMOS formation region in the peripheral cir-
cuit, and the n™ iversion protection layer (channel stop
region) 1s formed 1n the element 1solation region surrounding,
the nMOS formation region of the read-out buller amplifier
82 and the peripheral circuit. However, those illustrations are
omitted.

(d) Next, as shown 1n FIG. 8(e), after the pad oxide film 51
and the nitride film 52 thereon are removed, a dummy oxide
f1lm having a film thickness of about 10 nm 1s formed on the
clement formation region. Next, a gate threshold voltage con-
trol (V, control) 1on-implantation 1s executed. At first, with
the photolithography technique, the p-well 25 1n the periph-
eral circuit 1s covered with the photo resist film, and the
impurity 1ons for the pMOS gate threshold voltage control are
then implanted. Next, after the removal of the photo resist
film, the pattern of the photo resist film 1s formed on the
region except the p-well 25 by means of the photolithography
technique. In succession, simultaneously with the p-well of
the peripheral circuit and the p-well of the read-out butler
amplifier 82, the impurity 1ons for the nMOS gate threshold
voltage control are implanted 1nto the p-well 25 shown in
FIG. 8(e). After that, the photo resist film 1s removed. More-
over, the dummy oxide film used as the protective film for the
V _, control 1ion-implantation 1s stripped.

() Next, the surface of the p-well 25 1s thermally oxidized
to form a gate oxide film 32. Moreover, as shown in FIG. 8(f),
on the entire surface on the gate oxide film 32, the CVD
method 1s used to deposit a poly-silicon film 10 between
about 200 and 400 nm. Then, a photo resist {ilm 35 delineated
by the photolithography technique 1s prepared on the poly-
silicon film 10. Then, with the photo resist film 35 as the
mask, as shown in FIG. 8(g), the poly-silicon film 10 1s etched
by the reactive 1on etching (RIE) and the like. Then, the
light-receiving gate electrode 11, the first transfer gate elec-
trode 16a, the second transfer gate electrode 165, the first
reset gate electrode 13a and the second reset gate electrode
135 are cut. After that, the photo resist film 55 1s removed.

(1) Next, the source/drain regions are formed in the n-well
of the peripheral circuit. At first, by using the photolithogra-
phy technique, the p-well 25 shown 1n FI1G. 9(/2), the p-well of
the peripheral circuit, the p-well of the read-out butler ampli-
fier 82, and the first reset gate electrode 13a and second reset
gate electrode 135 thereon are covered with a new photo resist
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film. Then, with the poly-silicon gate electrode of the n-well
as the mask, 1n self-alignment methodology, the boron 10ns
(*'B™) are implanted at an order of a dose amount 10"> cm ™.
At this time, the boron ions (*'B*) are also implanted into the
poly-silicon gate electrode of the n-well. Next, after the
removal of the photo resist film, by using the photolithogra-
phy technique, a different photo resist {ilm 1s covered on the
region except the p-well 25. Then, as shown 1n FI1G. 9(%), with
the first reset gate electrode 13a and the second reset gate
clectrode 135 as the mask, by self-alignment methodology,
arsenic ions (">As*) are implanted at an order of 10" cm-2
into the p-well 25. Simultaneously, arsenic ions (> As™) are
similarly implanted, by self-alignment methodology, into the
p-well of the peripheral circuit and the p-well of the read-out
builer amplifier 82, with the poly-silicon gate electrode as the
mask. At this time, the arsenic ions (7> As™*) are implanted into
the poly-silicon first reset gate electrode 13a and second reset
gate electrode 135 and the poly-silicon gate electrode on the
p-well of the peripheral circuit whose illustration 1s omitted.
After that, the photo resist film 1s removed.

(g) Next, the p-type semiconductor substrate 19 1s ther-
mally processed. Since the p-type semiconductor substrate 19
1s thermally processed, the impurities are diffused, and the
p-type source/drain regions are formed 1n the n-well of the
peripheral circuit whose 1llustration 1s omitted, and the first
floating drain region 23a, the second floating drain region
23b, the first reset source region 24a and the second reset
source region 24 are formed 1n the p-well 25 shown m FIG.
9(i). Stmilarly, the n-type source/drain regions are formed 1n
the p-well of the peripheral circuit whose illustration 1s omit-
ted, and the like. At this time, the arsenic ions ("> As™), which
are 1mplanted 1nto the first reset gate electrode 13a and the
second reset gate electrode 135, are also activated. Thus, the
resistances of the first reset gate electrode 13a and second
reset gate electrode 136 are decreased. The resistance of the
gate electrode of the n-well of the peripheral circuit, whose
illustration 1s omitted, 1s similarly decreased.

(h) Next, although the illustration 1s omitted, inter-layer
insulating films are deposited in order to insulate between the
vertical signal line and horizontal scanning line to connect the
respective pixels, or the metallic wiring layer for the connec-
tion between the respective transistors 1n the peripheral cir-
cuit and the portion between the poly-silicon films 1mple-
menting the gate electrode. As the inter-layer msulating film,
it 1s possible to use the various dielectric films, such as the

composite illm implemented by the double-layer structure of
the oxide film (CVD-S10,) that 1s deposited by the CVD

method and has a film thickness of about 0.5 um; and the PSG
f1lm or BPSG film that 1s deposited on the oxide film (CVD-
S10,) by means of the CVD method and has a film thickness
of about 0.5 um. After the deposition by means of the CVD
method, the PSG film or BPSG film 1s thermally processed.
Thus, the BPSG film 1n the upper layer of the composite film
1s reflowed, and the surface of the mter-layer mnsulating film 1s
made flat. On the surface, the photo resist film delineated by
the photolithography technique 1s used as the mask, and the
inter-layer mnsulating film 1s etched by the RIE or ECR 10n-
ctching and the like, and a contact hole to connect the metallic
wiring layer and the transistor 1s formed. After that, the photo
resist film used to form the contact hole 1s removed. Next, a
sputtering method or electron beam vacuum evaporation
method or the like 1s used to form the aluminum alloy film
(Al—S1, Al—Cu—=S1) including silicon and the like.
Thereon, the photolithography technique 1s used to delineate
a mask by the photo resist film, and by using the delineated
photo resist film as a mask, the aluminum alloy film 1s delin-
cated by the RIE. Such sequential processes are sequentially
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repeated. Consequently, the vertical signal line and horizontal
scanning line to connect the respective pixels, or the metallic

wiring layers to connect between the respective transistors in
the peripheral circuit are formed. Moreover, a different inter-
layer mnsulating film 1s formed on the metallic wiring layer,
and the photolithography technique 1s used to form the metal-
lic film having the opening 42 directly over the light-receiving
gate electrode 11 of each pixel, and the metallic film serves as
the light shielding film 41. Then, when the passivation film
having a film thickness of about 1 um, which 1s intended to
protect the mechanical damage and protect the immersion of
the water and the impurities, 1s laminated on the light shield-
ing film 41 by means of the CVD method, the solid-state
imaging device according to the first embodiment of the
present invention 1s completed. The PSG film, the nitride film
and the like are used 1n the passivation film.

As mentioned above, according to the manufacturing
method of the semiconductor range-finding element and
solid-state imaging device according to the first embodiment
of the present invention, the formation of the surface buried
region 22 can be facilitated by forming the surface buried
region 22, through the 1on-1implantation and the like, as an
extra step to the manufacturing procedure of the standard
CMOS mmage sensor. Thus, the semiconductor range-finding
clement and solid-state imaging device according to the first
embodiment of the present invention can be manufactured by
adding the easy step. Although the n-type surface buried
region 22 1s formed to contact with the first floating drain
region 23a and the second floating drain region 235 on the
right and left side, the first floating drain region 23a and the
second floating drain region 235 can be formed simulta-
neously with the source and drain regions of the nMOS tran-
s1stor, as mentioned above, and the addition of the special step
1s not required.

In this way, according to the manufacturing method of the
semiconductor range-finding element and solid-state 1mag-
ing device according to the first embodiment of the present
invention, while the standard CMOS process 1s basic, only
with the addition of the step for forming the n-type surface
buried region 22 configured to detect light and to serve as the
transier channel, which transfers the signal charges, the TOF
range-finding sensor by which a high speed signal transier
can be achieved similarly to the CCD can be manufactured by

the standard CMOS process.

Second Embodiment

The entire organization of the solid-state 1maging device
(two-dimensional 1mage sensor) according to the second
embodiment of the present mvention 1s equivalent to the
block diagram shown in FIG. 1. Thus, the overlapping or
redundant description 1s omitted. Also, the planar configura-
tion of the semiconductor range-finding element serving as
the TOF pixel circuit 81 assigned 1n each of the pixels X, to
X, . X5, t0X, ..., X ;toX 1inthe solid-state imaging
device according to the second embodiment 1s similar to FIG.
2, which has been shown as one example of the planar con-
figuration of the semiconductor range-finding element
according to the first embodiment. Hence, the overlapping or
redundant description 1s omitted.

FI1G. 10 1s the cross-sectional structure of the semiconduc-
tor range-finding element, which has been shown 1n FIG. 2.
Similarly to the semiconductor range-finding element
according to the first embodiment, the structure embraces a
semiconductor substrate 19 of the first conductivity type
(p-type); a semiconductor layer (epitaxial growth layer) 20 of

the first conductivity type (p-type) arranged on the semicon-
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ductor substrate 19; and a surface buried region 22 of the
second conductivity type (n-type) that 1s arranged on the
semiconductor layer (epitaxial growth layer) 20, as the basic
structure. An insulating film 31 directly under the central
light-receiving gate electrode 11, the surface buried region
22, the semiconductor layer (epitaxial growth layer) 20 and
the semiconductor substrate 19 implement the semiconductor
photoelectric conversion element. The features that a part of
the semiconductor layer (epitaxial growth layer) 20 of the first
conductivity type (p-type) which 1s located directly under the
light-recerving gate electrode 11 serves as the charge genera-
tion region of the semiconductor photoelectric conversion
clement and that the carniers (electrons) generated in the
charge generation region are injected into a sub-area of the
surface buried region 22 directly over the charge generation
region are similar to the semiconductor range-finding ele-
ment according to the first embodiment.

However, 1n the semiconductor range-finding element

according to the first embodiment, the structure 1n which the
insulating film (field oxide film) 31 1s formed by the LOCOS

method 1s exemplified. However, the cross-sectional structure
shown in FIG. 10 1s different 1n that a shallow trench 1solation
(STI) architecture 1s used 1n the element 1solation architec-
ture. Similarly to the semiconductor range-finding element
according to the first embodiment, the insulating film 31
extends from directly under the light-receiving gate electrode
11 to under the first transfer gate electrode 16a and the second
transier gate electrode 165 on the right and left sides, and
below the 1nsulating film 31, the surface buried region 22 1s
buried to extend from directly under the light-recerving gate
clectrode 11 to under the first transier gate electrode 16a and
the second transier gate electrode 165 1n the right and left
directions. Then, the features that, 1n the surface buried region
22 adjacent to the right side of the surface buried region 22
directly under the light-recerving gate electrode 11 (directly
over the charge generation region), the site located directly
under the first transier gate electrode 16a serves as the first
transfer channel and that, in the surface buried region 22
adjacent to the left side of the surface buried region 22 directly
under the light-recetving gate electrode 11, the site located
directly under the second transier gate electrode 165 serves as
the second transfer channel, and the other features and their
functions and the operations as the semiconductor range-
finding element and the like do not essentially differ from the
semiconductor range-finding element according to the first
embodiment described by using FI1G. 1 to FIG. 6. Thus, the
overlapping or redundant description 1s omitted.

Thus, 1n the semiconductor range-finding element accord-
ing to the second embodiment, similarly to the semiconductor
range-finding element according to the first embodiment, the
surface buried region 22 1s formed and consequently, the
transfer channel through which the electrons (the signal
charges) are transferred 1s buried 1in the deep portion close to
the interface between the p-type silicon epitaxial growth layer
20 and the n-type surface buried region 22, and the transfer
channel 1s not disposed near the interface between the semi-
conductor region and the insulating film 31. Hence, the semi-
conductor range-finding element according to the second
embodiment similarly provides the effectiveness such that the
clectrons (the signal charges) are never captured at the inter-
tace level.

Then, when the semiconductor range-finding elements
according to the second embodiment are arrayed in the shape
of the two-dimensional matrix shown in FIG. 1, the TOF
range-finding sensor, implemented by a simple structure,
having a high distance resolution and a high distance resolu-
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tion 1s manufactured with a low cost. These features are
similar to the solid-state imaging device according to the first
embodiment.

<Manufacturing Method of Semiconductor Range-Find-
ing Element and Solid-State Imaging Device>

The manufacturing method of the semiconductor range-
finding element and solid-state imaging device according to
the second embodiment of the present invention will be
described below by using FIG. 11 to FIG. 13. However, the
manufacturing method of the second embodiment has the
steps common to the manufacturing method of the semicon-
ductor range-finding element and solid-state 1imaging device
according to the first embodiment indicated 1n FIG. 7 to FIG.
9.

(a) A sequence of steps such that, at first, as shown 1n FIG.
11(a), an epitaxial substrate, 1n which a p-type silicon epi-
taxial growth layer 20 1s formed on a p-type semiconductor
substrate 19, 1s prepared; as shown 1n FI1G. 11(5), p-well 251s
formed; a nitride film (S13N,) 52 1s grown through the pad
oxide film 31 on the main surface of the p-type silicon epi-
taxial growth layer 20, the nitride film 52 1s processed by the
RIE with the photo resist film 53 delineated by the photoli-
thography technique as the mask; as shown 1n FIG. 11(c¢), the
phosphorous ions (°*P*) are implanted into the p-type silicon
epitaxial growth layer 20; and then, the 1on implanted layer 54
scheduled for the surface buried region 1s formed on the
surface of the p-type silicon epitaxial growth layer 20 1s
perfectly similar to the manufacturing method of the semi-
conductor range-finding element and solid-state 1maging
device according to the first embodiment shown in FI1G. 7(a)
to FIG. 7(c).

(b) In the manufacturing method of the semiconductor
range-finding element and solid-state imaging device accord-
ing to the second embodiment, after the formation of the 10n
implanted layer 54 scheduled for the surface buried region,
the photo resist film 1s removed, and after the completion of
the predetermined cleaning step, the annealing process 1s
carried out between about 1100° C. and 1150° C., and the
implanted phosphorous ions (*'P*) are thermally diffused,
and the surface buried region 22 1s then formed as shown 1n
FIG. 11(d). Simultaneously, the p* inversion-protecting layer
(channel stop layer) 1s formed 1n the element 1solation region
surrounding the pMOS formation region of the peripheral
circuit, and the n™ inversion-protecting layer (channel stop
layer) 1s formed 1n the element i1solation region surrounding
the nMOS formation region of the read-out builer amplifier
82 and the peripheral circuit. However, those 1llustrations are
omitted.

(c) Next, the new thermally oxidized film (S10,) between
about 250 nm and 500 nm 1s grown on the entire surface of the
main surface of the p-type silicon epitaxial growth layer 20,
including the surface of the p-well 25 and the surface of the
surface buried region 22. Moreover, after that, the photo resist
film 1s coated, and the photo resist film 1s delineated by the
photolithography technique, and the etching mask (first etch-
ing mask) for the element 1solation trench formation 1is
formed. With the photo resist film as the mask, the thermally
oxidized film (S10,) 1s etched by the RIE. Then, the photo
resist film 1s removed, and the etching mask (second etching
mask) for the element 1solation trench formation that 1s made
of the thermally oxidized film (S10,) 1s formed. By using the
ctching mask for the element 1solation trench formation made
of the thermally oxidized film (510,), on the surface of the
surface buried region 22, the element 1solation trench having
a depth of about 150 nm or more and 1000 nm or less,
preferably, about 200 nm or more and 700 nm or less 1s
grooved by the RIE. Although the 1llustration 1s omitted, the
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clement 1solation trench 1s similarly formed in the element
1solation regions 1n the peripheral circuit and the read-out
builer amplifier 82. Moreover, the CVD method 1s used to
deposit the isulating film 31 on the entire surface so that the
insulating film 31 becomes thicker by 30 to 100 nm than the
depth of the element 1solation trench, as shown 1n FIG. 12(e),

and the element 1solation trench 1s pertectly filled. Moreover,
with a chemical mechanical polishing (CMP), the p-well 25 1s
polished until its surface exposed. Then, as shown 1n FIG.
12(/), the msulating film 31 is buried 1n the element 1solation
trench. Although the illustration 1s omitted, similarly in the
clement 1solation regions in the peripheral circuit and the
read-out buffer amplifier 82, the msulating film 31 1s buried in
the element 1solation trench, and the insulating film 31 serves
as the field oxidization film.

(d) Next, atter the gate threshold voltage control (V,, con-
trol) 1on-implantation 1s executed, as shown 1n FIG. 12(g), the
surface of the p-well 25 15 thermally oxidized, and the gate
oxide film 32 1s formed. Moreover, as shown 1n FI1G. 12(4),
the poly-silicon film 10 1s deposited on the entire surface on
the gate oxide film 32 by the CVD method. Then, with the
photo resist film 55 as the mask, as shown 1n FIG. 13(i), the
poly-silicon film 10 1s etched by the reactive ion etching
(RIE) and the like. Then, the light-receiving gate electrode 11,
the first transier gate electrode 16a, the second transier gate
clectrode 165, the first reset gate electrode 13a and the second
reset gate electrode 135 are formed. These steps are basically
similar to the manufacturing method of the semiconductor
range-finding element and solid-state 1maging device,
according to the first embodiment shown 1n FIGS. 8(f) to (g).

(¢) Moreover, as shown in FIG. 13(;), with the first reset
gate electrode 13a and the second reset gate electrode 135 as
the mask, by self-alignment methodology, the arsenic ions
("> As*) are implanted into the p-well 25, and the semicon-
ductor substrate 19 1s thermally heated. Then, the first floating
drain region 23a, the second floating drain region 235, the
first reset source region 24a and the second reset source
region 24b are formed 1n the p-well 25 shown 1n FIG. 13(%).
The foregoing sequence of process steps 1s basically similar
to the sequence of process steps of the manufacturing method
of the semiconductor range-finding element and solid-state
imaging device, according to the first embodiment shown 1n
FIGS. 9(%) to (i). After that, the multi-level wiring step for
providing the vertical signal line and horizontal scanning line
to connect the respective pixels, or the metal wiring layer for
the connection between the respective transistors in the
peripheral circuit, and the passivation step are respectively
executed, which are basically similar to the steps 1n the manu-
facturing method of the semiconductor range-finding element
and solid-state imaging device, according to the first embodi-
ment. Thus, their overlapping or redundant description 1s
omitted.

As mentioned above, according to the manufacturing
method of the semiconductor range-finding element and
solid-state 1maging device according to the second embodi-
ment of the present invention, the formation of the surface
buried region 22 can be facilitated by forming the surface
buried region 22, through the 1on-1implantation and the like, as
an extra step to the manufacturing procedure of the standard
CMOS 1mage sensor having the STI structure. Thus, the
semiconductor range-finding element and solid-state 1mag-
ing device according to the second embodiment can be manu-
factured by adding the easy step. Although the n-type surface
buried region 22 1s formed to contact with the first floating
drain region 23a and the second tloating drain region 235 on
the right and lett side, the first floating drain region 23a and
the second floating drain region 235 can be formed simulta-




US 7,910,964 B2

21

neously with the source and drain regions of the nMOS tran-
s1stor, as mentioned above, and the addition of the special step

1s not required.

In this way, according to the manufacturing method of the
semiconductor range-finding element and solid-state imag-
ing device according to the second embodiment of the present
invention, while the standard CMOS process 1s basic, only
with the addition of the step for forming the n-type surface
buried region 22 configured to detect light and to serve as the
transier channel, which transfers the signal charges, the TOF
range-finding sensor by which a high speed signal transier
can be achieved similarly to the CCD can be manufactured by

the standard CMOS process.

Another Embodiment

While the present invention 1s described 1n accordance
with the aforementioned first and second embodiments, i1t
should not be understood that the description and drawings
that implement a part of the disclosure are to limit the scope
of the present invention. This disclosure makes clear a variety
ol alternative embodiments, examples and operational tech-
niques for those skilled 1n the art.

For example, 1n the plan view of the solid-state imaging
device according to the first embodiment shown 1n FIG. 2, the
first exhausting gate electrode 12a and the second exhausting
gate electrode 125, which are U-shaped, may be added so as
to be oppositely arranged, along the direction orthogonal to
the transier direction of the signal charges, as shown 1n FIG.
15.In FIG. 15, in such a way that the signal charges generated
by the semiconductor range-finding element are transierred
to the directions opposite to each other (the right and left
directions), on the planar pattern, the respective central lines
(not shown) of the first transfer gate electrode 16a and the
second transfer gate electrode 1656 are aligned on the same
straight line A-A, horizontally (in the right and left direction)
in FIG. 15. Then, the respective widths of the first transfer
gate electrode 16a and the second transier gate electrode 165,
which are measured 1n the direction orthogonal to the transter
direction of the signal charges (the upper and lower direction
in FIG. 15) are made narrower than the width of the light-
receiving gate electrode 11 that 1s measured 1n the orthogonal
direction. Thus, even if the area of the light-receiving region
directly under the light-receiving gate electrode 11 1s made
large, the perfect transiers of the signal charges that are car-
ried out by the first transfer gate electrode 164 and the second
transier gate electrode 165 can be executed. As shown 1n FIG.
15, on the planar pattern, the respective central lines (not
shown) of the first exhausting gate electrode 12a and the
second exhausting gate electrode 125 are aligned on the same
straight line B-B 1n the vertical direction (the upper and lower
direction) 1n FIG. 15. The first exhausting gate electrode 12a
exhausts the background charges, which are generated 1n the
charge generation region by the background light, to the
upper direction of FIG. 15, and the second exhausting gate
clectrode 1256 exhausts the background charges, which are
generated 1n the charge generation region by the background
light, to the lower direction of FIG. 15. The background
charges exhausted by the first exhausting gate electrode 12a
are received by a first exhausting drain region 21q allocated at
upper direction of FIG. 15, and the background charges
exhausted by the second exhausting gate electrode 126 are
received by a second exhausting drain region 215 allocated at
lower direction of FIG. 15.

Since the cross-sectional structure viewed from the A-A
direction of the semiconductor range-finding element, which
has been shown 1n FI1G. 15 1s stmilar to FIG. 3 described 1n the
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first embodiment, the overlapping or redundant description 1s
omitted. However, FIG. 16 1s the cross-sectional structure
viewed Irom the B-B direction of the semiconductor range-
finding element, which has been shown 1n FIG. 15 and shows
the semiconductor substrate 19 of the first conductivity type
(p-type), the semiconductor layer (epitaxial growth layer) 20
of the first conductivity type (p-type) arranged on the semi-
conductor substrate 19, and the surface buried region 22 of the
second conductivity type (n-type) arranged on the semicon-
ductor layer (epitaxial growth layer) 20. The features that the
insulating film 31 directly under the central light-receiving
gate electrode 11, the surface buried region 22, the semicon-
ductor layer (epitaxial growth layer) 20 and the semiconduc-
tor substrate 19 implement the semiconductor photoelectric
conversion element, and that the part of the semiconductor
layer (epitaxial growth layer) 20 of the first conductivity type
(p-type) which 1s located directly under the light-receiving
gate electrode 11 serves as the charge generation region of the
semiconductor photoelectric conversion element, and that the
carriers (electrons) generated in the charge generation region
are mjected 1into the sub-area of the surface buried region 22
directly over the charge generation region are as described 1n
FIG. 3.

The msulating film 31 extends from directly under the
light-recerving gate electrode 11 to under the first exhausting
gate electrode 12a and the second exhausting gate electrode
125 1n the nght and left portions of FIG. 16 (corresponding to
the upper and lower directions of FIG. 15). Below the 1nsu-
lating film 31, the surface buried region 22 1s buried to extend
from directly under the light-receiving gate electrode 11 to
under the first exhausting gate electrode 12a and the second
exhausting gate electrode 125 in the right and left directions.
That 1s, 1n the surface buried region (another sub-area of the
surface buried region 22) 22 adjacent to the right side of the
surface buried region 22 directly under the light-receiving
gate electrode 11 (directly over the charge generation region),
the site located directly under the first exhausting gate elec-
trode 12a serves as the first exhausting channel. On the other
hand, 1n the surface buried region (a still another sub-area of
the surface buried region 22) 22 adjacent to the left side of the
surface buried region 22 directly under the light-receiving
gate electrode 11 (directly over the charge generation region),
the site located directly under the second exhausting gate
clectrode 125 serves as the second exhausting channel. Then,
the first exhausting gate electrode 12¢ and the second
exhausting gate electrode 1256 electrostatically control the
potentials of the first and second exhausting channels through
the insulating films 31 formed on those first and second
exhausting channels, respectively, and transfer the back-
ground charges through the first and second exhausting chan-
nels to the first floating drain region 23a and the second
floating drain region 235 of the second conductivity type
(n-type), respectively. Each of the first floating drain region
23a and the second floating drain region 235 1s the semicon-
ductor region of the higher impurity concentration than the
surface buried region 22. As evident from FIG. 16, the surface
buried region 22 1s formed to contact with the first floating
drain region 23a and the second floating drain region 2356 1n
the nght and left portions.

In another embodiment of the present invention, 1n addition
to the structure of transferring the signal charges Q,, Q,
described 1n the first embodiment, 1n order to remove the
influence of the background light, the first exhausting gate
clectrode 124 and the second exhausting gate electrode 125
are provided 1n the upper and lower directions of the plan
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view 1 FIG. 15. That 1s, the background charges are
exhausted through the first exhausting gate electrode 12a and
the second exhausting gate electrode 125 to the first exhaust-
ing drain region 21a and the second exhausting drain region
215, which serve as the exhausting outlets. Control pulse
signals TXD are applied to the first exhausting gate electrode
12a and the second exhausting gate electrode 126 on the
upper and lower portions. The pulse widths of the control
pulse signals TXD that are applied to the first exhausting gate
clectrode 124 and the second exhausting gate electrode 1256
may be made longer than the pulse widths of the control pulse
signals TX1, TX2 that are applied to the first transfer gate
clectrode 164 and the second transter gate electrode 165. That
1s, 1n the period while the optical pulse 1s not 1rradiated, the
potential of the control pulse signal TXD 1s made high, and
the background charges generated by the background light
are exhausted to the first exhausting drain region 21a and the
second exhausting drain region 21b.

FIG. 16 shows their operations. When the control pulse
signal TX1 1s applied to the first transier gate electrode 16a
and the control pulse signal TX2 1s applied to the second
transier gate electrode 166 so that the signal charges are
divided into the right and lett portions, a negative voltage (for
example, TXD=-2 V) 1s applied to the first exhausting gate
clectrode 12a and the second exhausting gate electrode 125,
and a potential barrier 1s generated as indicated by a solid line
in FIG. 16 so that the charges are not transferred to the first
exhausting drain region 21a and the second exhausting drain
region 215b.

On the other hand, when the background charges are
required to be exhausted, as indicated by a broken line 1n FIG.
16, a high potential (for example, 1 V) 1s applied to the first
exhausting gate electrode 124 and the second exhausting gate
clectrode 125 so that the transfer ol the background charges to
the first exhausting drain region 21a and the second exhaust-
ing drain region 215 1s made easy.

By the way, the applying method of the voltage shown in
FIG. 16 1s mtended for the exemplification. The voltages
TXD, which are applied to the first exhausting gate electrode
12a and the second exhausting gate electrode 126 on the right
and left sides 1n FIG. 16, are not especially required to be
equal, and the background charges can be exhausted even
when the xvoltage 1s alternately added. Also, as shown in
FIG. 16, even when the same positive voltage 1s applied, the
background charges can be discharged. That 1s, the flexible
applying methodologies of various voltages can be performed
on the voltages TXD that are applied to the first exhausting
gate electrode 12a and the second exhausting gate electrode
125 on the right and left sides 1n FIG. 16. Thus, applying the
various voltages can elfectively remove the influence of the
background charges.

As mentioned above, according to the semiconductor
range-finding element according to another embodiment, the
predetermined voltage 1s applied to the first exhausting gate
clectrode 12a and the second exhausting gate electrode 125,
and the background charges are transferred to the first
exhausting drain region 21a and the second exhausting drain
region 215. Thus, the influence of the background light can be
suppressed. I the background light 1s included 1n the signal,
because of the existence of the shot noise 1n the light, when
there are the background charges, the shot noise leads to the
drop 1n a range measurement precision. However, according
to the semiconductor range-finding element according to
another embodiment, the background charges can be efliec-
tively removed, thereby achieving a high range measurement
precision (distance resolution) and the maximum range mea-
surement coverage.
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Also, 1 the description of the first and second embodi-
ments as mentioned above, the TOF range-finding sensor as
the two-dimensional solid-state imaging device (area sensor)
has been exemplified. However, the semiconductor range-
finding element of the present invention should not be limat-
edly construed to be used only for the pixel of the two-
dimensional solid-state imaging device.

For example, in the two-dimensional matrix shown in FIG.
1, as the pixel of the one-dimensional solid-state 1maging
device (line sensor) in which ;=m=1 1s defined, the organiza-
tion 1 which the plurality of semiconductor range-finding
clements may be one-dimensionally arrayed must be easily
understood from the above-mentioned disclosed contents.

As such, the present invention may naturally include vari-
ous embodiments not described herein. Therefore, the tech-
nical scope of the present invention should be defined only by
features for specitying the invention according to the
appended claims that are regarded appropriate according to
the above description.

INDUSTRIAL APPLICABILITY

According to the present invention, 1t 1s possible to provide
the semiconductor range-finding element 1n which the high
speed charge transfer can be carried out, and the solid-state
imaging device that uses the semiconductor range-finding
clement as the pixels, which 1s manufactured at lower cost,
and having a high distance resolution and a high space reso-
lution. Thus, the semiconductor range-finding element of the
present invention can be applied to the field of a range-finding
sensor for a car and the field to obtain or prepare a three-
dimensional picture. Moreover, the solid-state 1maging
device of the present invention can be applied even to the
fields for analyzing movement of a sport player and the game
machine 1n which the three-dimensional picture 1s used.

The invention claimed 1s:
1. A semiconductor range-finding element, comprising:
a semiconductor photoelectric conversion element com-
prising:
a charge generation region of a first conductivity type,
and
a part of a surface buried region of a second conductivity
type of an opposite conductivity type to the first con-
ductivity type disposed on the charge generation
region,
configured to recerve an optical pulse, which 1s reflected
by a target sample, and configured to convert the
optical pulse into signal charges 1n the charge genera-
tion region;
first and second transfer gate electrodes configured to elec-
trostatically control potentials of first and second trans-
fer channels implemented by another part of the surface
buried region adjacent to the part of the surface buried
region directly over the charge generation region,
through 1nsulating films formed on the first and second
transier channels, respectively, and configured to alter-
nately transfer the signal charges through the first and
second transfer channels; and
first and second floating drain regions configured to accu-
mulate the signal charges transferred by the first and
second transier gate electrodes, sequentially and respec-
tively, having the second conductivity type and a higher
impurity concentration than the surface buried region,
wherein, by sequentially applying pulse signals to the first
and second transfer gate electrodes in synchronization
with the optical pulse so as to operate the first and second
transier gate electrodes, a range to the target sample 1s
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measured, 1n accordance with a distribution ratio
between the charges accumulated in the first and second
floating drain regions.

2. The semiconductor range-finding element according to
claim 1, wherein the charge generation region has the first
conductivity type and 1s implemented by a part of a semicon-
ductor layer provided on a semiconductor substrate, the semi-
conductor substrate having a higher impurity concentration
than the charge generation region.

3. The semiconductor range-finding element according to
claim 1, wherein the charge generation region has the first
conductivity type and 1s implemented by a part of an epitaxial
growth layer grown on a semiconductor substrate, the semi-
conductor substrate having a higher impurity concentration
than the charge generation region.

4. The semiconductor range-finding element according to
claim 2, wherein:

the semiconductor substrate has an impurity concentration
of 4x10'" cm™ or more and 1x10°' cm™ or less; and

the charge generation region has an impurity concentration
of 6x10'" cm™ or more and 2x10"> cm™ or less.

5. The semiconductor range-finding element according to

claim 2, wherein:

the semiconductor substrate 1s a si1licon substrate having an
impurity concentration of 4x10'” cm™ or more and
1x10*' cm™ or less; and

the charge generation region 1s a silicon epitaxial growth
layer having an impurity concentration of 6x10"" cm™
or more and 2x10" ¢cm™ or less.

6. The semiconductor range-finding element according to
claim 1, wherein the semiconductor photoelectric conversion
clement further comprises:

a part of the msulating films extending to a site on the
surface buried region, the site allocated directly over the
charge generation region; and

a light-recerving gate electrode on an insulating film,
directly over the charge generation region.

7. The semiconductor range-finding element according to
claim 6, wherein the signal charges are transferred to direc-
tions opposite to each other, on a planar pattern, and respec-
tive central lines of the first transfer gate electrode and the
second transier gate electrode are aligned on a same straight
line.

8. The semiconductor range-finding element according to
claim 7, wherein respective widths of the first and second
transier gate electrodes measured 1n a direction orthogonal to
a transier direction of the signal charges are narrower than a
width of the light-recerving gate electrode measured 1n the
orthogonal direction.

9. The semiconductor range-finding element according to
claim 1, wherein a thickness of an insulating film formed on
cach of the first and second transier channels 1s 150 nm or
more and 1000 nm or less, 1n terms of a dielectric constant of
a thermally oxidized film.

10. The semiconductor range-finding element according to
claim 1, further comprising:

a first exhausting gate electrode configured to electrostati-
cally control a potential of a first exhausting channel
implemented by the same semiconductor region as the
charge generation region through an insulating film
formed on the first exhausting channel and configured to
exhaust background charges generated in the charge
generation region by receiving background light; and

a lirst exhausting drain region configured to receive the
background charges exhausted by the first exhausting
gate electrode,
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wherein, control pulse signals are sequentially applied to
the first gate electrode, the second transter gate electrode
and the first exhausting gate electrode, 1n synchroniza-
tion with the optical pulse, so as to operate the first and
second transier gate electrodes.

11. The semiconductor range-finding element according to
claim 10, wherein a pulse width of the control pulse signal
applied to the first exhausting gate electrode 1s longer than
pulse widths of the control pulse signals applied to the first
and second transier gate electrodes.

12. The semiconductor range-finding element according to
claim 10, further comprising:

a second exhausting gate electrode, which 1s opposite to the
first exhausting gate electrode 1n a direction orthogonal
to a transier direction of the signal charges, configured to
clectrostatically control a potential of a second exhaust-
ing channel implemented by the same semiconductor
region as the charge generation region, through an 1nsu-
lating film formed on the second exhausting channel,
and configured to exhaust the background charges 1n a
direction opposite to the background charges running
through the first exhausting channel; and

a second exhausting drain region configured to receive the
background charges exhausted by the second exhausting
gate electrode.

13. A solid-state 1maging device, having a plurality of
pixels arrayed 1n a one-dimensional direction, wherein each
of the pixels comprises:

a semiconductor photoelectric conversion element com-

prising:
a charge generation region of a first conductivity type,
and
a part of a surface buried region of a second conductivity
type of an opposite conductivity type to the first con-
ductivity type on the charge generation region,
configured to recerve an optical pulse, which 1s reflected
by a target sample, and to convert the optical pulse
into signal charges 1n the charge generation region;
first and second transier gate electrodes configured to elec-
trostatically control potentials of first and second trans-
fer channels implemented by another part of the surface
buried region adjacent to the part of the surface buried
region directly over the charge generation region,
through insulating films formed on the first and second
transier channels, respectively, and configured to alter-
nately transier the signal charges through the first and
second transier channels; and

first and second floating drain regions configured to accu-
mulate the signal charges transferred by the first and
second transier gate electrodes, sequentially and respec-
tively, having the second conductivity type and a higher
impurity concentration than the surface buried region,

wherein pulse signals are sequentially applied to the first
and second transter gate electrodes 1n all of the pixels, 1n
synchronization with the optical pulse, and

in each of the pixels, a range to the target sample 1s mea-
sured 1n accordance with a distribution ratio between the
charges accumulated 1n the first and second floating
drain regions.

14. A solid-state 1maging device, having a plurality of
pixels arrayed i a shape of a two-dimensional matrix,
wherein each of the pixels comprises:

a semiconductor photoelectric conversion element com-

prising:
a charge generation region of a first conductivity type,
and
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a part of a surface buried region of a second conductivity
type of an opposite conductivity type to the first con-
ductivity type on the charge generation region,

configured to receive an optical pulse, which 1s reflected
by a target sample, and to convert the optical pulse
into signal charges 1n the charge generation region;

first and second transier gate electrodes configured to elec-
trostatically control potentials of first and second trans-
fer channels implemented by another part of the surface
buried region adjacent to a part of the surface buried
region directly over the charge generation region,
through 1nsulating films formed on the first and second
transier channels, respectively, and configured to alter-
nately transier the signal charges through the first and
second transfer channels; and

first and second floating drain regions configured to accu-
mulate the signal charges transferred by the first and
second transier gate electrodes, sequentially and respec-
tively, having the second conductivity type and a higher
impurity concentration than the surface buried region,

wherein pulse signals are sequentially applied to the first
and second transfer gate electrodes 1n all of the pixels, 1n
synchronization with the optical pulse, and

in each of the pixels, a range to the target sample 1s mea-
sured 1n accordance with a distribution ratio between the
charges accumulated 1n the first and second floating
drain regions, and all of the pixels are two-dimension-
ally accessed, and a two-dimensional picture corre-
sponding to the measured ranges 1s obtained.

15. The solid-state imaging device according to claim 14,
wherein the charge generation region has the first conductiv-
ity type and 1s implemented by a part of a semiconductor layer
provided on a semiconductor substrate, the semiconductor
substrate having a higher impurity concentration than the
charge generation region.

16. The solid-state imaging device according to claim 13,
wherein the charge generation region has the first conductiv-
ity type and 1s implemented by a part of an epitaxial growth
layer grown on a semiconductor substrate, the semiconductor
substrate having a higher impurity concentration than the
charge generation region.

17. The solid-state 1maging device according to claim 15,
wherein:

the semiconductor substrate has an impurity concentration
of 4x10'" cm™ or more and 1x10°' cm™ or less; and

the charge generation region has an impurity concentration
of 6x10"" cm™ or more and 2x10"> cm™ or less.

18. The solid-state imaging device according to claim 15,

wherein:

the semiconductor substrate 1s a silicon substrate having an
impurity concentration of 4x10'” ¢cm™ or more and
1x10*' cm™ or less; and

the charge generation region 1s a silicon epitaxial growth
layer having an impurity concentration of 6x10"" cm™
or more and 2x10" ¢cm™ or less.

19. The solid-state 1maging device according to claim 13,
wherein the semiconductor photoelectric conversion element
turther comprises:

a part of the msulating films extending to a site on the
surface buried region, the site allocated directly over the
charge generation region; and

a light-recerving gate electrode on an insulating film,
directly over the charge generation region.

20. The solid-state 1imaging device according to claim 19,

wherein the signal charges are transierred to directions oppo-
site to each other, on a planar pattern, and respective central
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lines of the first transier gate electrode and the second transier
gate electrode are aligned on a same straight line.

21. The solid-state imaging device according to claim 20,
wherein respective widths of the first and second transter gate
clectrodes measured 1n a direction orthogonal to a transfer
direction of the signal charges are narrower than a width of the
light-receiving gate electrode measured in the orthogonal
direction.

22. The solid-state imaging device according to claim 1,
wherein a thickness of an insulating film formed on each of
the first and second transier channels 1s 150 nm or more and
1000 nm or less, 1n terms of a dielectric constant of a ther-
mally oxidized film.

23. The solid-state 1imaging device according to claim 13,
wherein:

the 1nsulating films are an oxide film formed by a step of
forming a field oxide film of a CMOS integrated circuit;
and

the semiconductor photoelectric conversion element, the
first transfer gate electrode, the second transfer gate
clectrode, the first floating drain region and the second
floating drain region are formed as steps for manufac-
turing the CMOS integrated circuit.

24. The solid-state imaging device according to claim 13,
wherein the pixel 1s connected to each of the first and second
floating drain regions and further comprises a voltage-read-
out buffer configured to read the charges accumulated 1n each
of the first and second floating drain regions.

25. The solid-state 1imaging device according to claim 13,
wherein the pixel further comprises:

a first reset gate electrode adjacent to the first floating drain

region on a planar pattern;

a {irst reset source region opposite to the first floating drain
region, with respect to the first reset gate electrode;

a second reset gate electrode adjacent to the second floating,
drain region on the planar pattern; and

a second reset source region opposite to the second floating,
drain region, with respect to the second reset gate elec-
trode,

wherein, the charges accumulated 1n the first and second
floating drain regions by applying a reset signal to the
first and second reset gate electrodes are discharged to
the first and second reset source regions, respectively,
and the first and second tloating drain regions are reset.

26. The solid-state imaging device according to claim 13,
further comprising:

a first exhausting gate electrode configured to electrostati-
cally control a potential of a first exhausting channel
implemented by the same semiconductor region as the
charge generation region through an insulating film
formed on the first exhausting channel and configured to
exhaust background charges generated in the charge
generation region by receiving background light; and

a first exhausting drain region configured to receive the
background charges exhausted by the first exhausting
gate electrode,

wherein, control pulse signals are sequentially applied to
the first gate electrode, the second transfer gate electrode
and the first exhausting gate electrode, 1n synchroniza-
tion with the optical pulse so as to operate the first gate
clectrode, the second transier gate electrode and the first
exhausting gate electrode.

277. The solid-state imaging device according to claim 26,
wherein a pulse width of the control pulse signal applied to
the first exhausting gate electrode 1s longer than pulse widths
of the control pulse signals applied to the first and second
transier gate electrodes.
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28. The solid-state imaging device according to claim 26, lating film formed on the second exhausting channel,
turther comprising;: and configured to exhaust the background charges 1n a
direction opposite to the background charges running
through the first exhausting channel; and
5 a second exhausting drain region configured to receive the
background charges exhausted by the second exhausting
gate electrode.

a second exhausting gate electrode, which 1s opposite to the
first exhausting gate electrode 1n a direction orthogonal
to a transier direction of the signal charges, configured to
clectrostatically control a potential of a second exhaust-
ing channel implemented by the same semiconductor
region as the charge generation region, through an 1nsu- S N
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